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Description 

FIELD OF THE iNVENTION 

5 [0001] This invention relates to a method for preserving a suspension of cells or immobilized cells. More particularly, 
this invention relates to a method in which microbial cells produced by culturing or immobilized cells thereof are stably 
preserved as a suspension in an aqueous medium. 

BACKGROUND OF THE INVENTION 

10 

[0002] Enzymes produced by microorganisms are used in many fields as catalysts of chemical conversion reactions. 
In particular, nitrile hydratase and nitrilase are capable of hydrating or hydrolyzing nitrile groups, which allows low cost 
production of amides, carboxyltc acids and a-hydroxycarboxylic acids, which are important in the field of industrial 
chemistry. In addition, said enzymes are capable of optically specific hydration or hydrolyzation, which allows production 
15 of optically active carboxylic acids, amino acids and a-hydroxycarboxylic acids, which are important production mate* 
nals for medicines and agricultural chemicals. 

[0003] In a chemical conversion reaction, in which a microbial enzyme is used as a catalyst, cultured and collected 
microbial cells or immobilized ceils thereof must be stably preserved until their use. That is, it is necessary to store 
them under such conditions that the catalytic function of the enzyme is preserved, and the cells do not putrefy or lyse 
20 due to microbial contamination. In consequence, inactivation of enzymes and lysis and putrefaction of cells are gen- 
erally prevented by freezing or refrigeration. 

[0004] Among the preservation methods known to date, freezing of microbial cells or immobilized cells in particles 
requires complex freezing and thawing steps, which can also result in destroyed or reduced enzyme activity. The 
refrigeration preservation method requires relatively low preservation temperatures to prevent microbial contamination 

25 and to stabilize the cells, thus entailing high cooling costs. 

[0005] EP-A-0666320 discloses a microbial reaction process for the production of a-hydroxy acids or a-hydroxya- 
mides from an a-hydroxynitrile or a mixture of an aldehyde and prussic acid. Prior to their use in the reaction, microbial 
cells are cultured in the presence of sodium sulphite (1M) and phosphate buffer (50mM). During the reaction, enzyme 
activity can be maintained stably for a prolonged period of time by the inclusion of phosphite or hypophosphite ions in 

30 the reaction system. Such ions form complexes with aldehydes present in the reaction system thereby minimising the 
quantity of free aldehyde in the system, a known cause of enzyme inhibition. 

[0006] EP-A-061 0048 discloses a process for producing an optically active a-hydroxy carboxylic acid having phenyl 
group directly from a racemic a-hydroxynitrile or a mixture of an aldehyde corresponding to the nitrile and prussic acid. 
The reaction is effected by reacting a microorganism belonging the genus Gortfona with the substrate in a neutral to 
35 basic aqueous medium. Enzyme activity is maintained by the presence in the reaction system of sodium sulphite which 
forms complexes with aldehydes thereby reducing the quantity of free aldehyde in the reaction system. 
[0007] Neither EP-A-0666320 or EP-A-061 0048 discloses a method by which the microbial cells (or the enzyme 
activity thereof) can be stably preserved prior to the reaction which is to be catalysed. 

40 SUMMARY OF THE INVENTION 

[0008] Intensive studies on inexpensive and stable preservation conditions for cultured and collected cells or immo- 
bilized cells thereof have been conducted. As a result, the inventors have found that such cells or immobilized cells 
thereof can be stably preserved for 300 days or more, without causing cell lysis or enzyme inactivation, even at room 
45 temperature, when they are preserved in a neutral to basic aqueous solution of inorganic salts, having a molarity 
ranging from 100 mM to the saturation concentration of the inorganic salts. The present invention has been accom- 
plished on the basis of this finding. 

[0009] Thus, the present invention provides a method for preserving microbial cells having nitrile hydratase or nitrilase 
enzyme activity, and the nitrile hydratase or nitrilase enzyme activity thereof, for a prolonged period of time prior to 

50 their use in a production reaction as a conversion catalyst, comprising the step of preserving said cells as a suspension 
of the microbial cells or as a suspension of cells immobilized in particles in an aqueous medium, wherein said aqueous 
medium is a neutral or weakly basic aqueous solution of at least one inorganic salt, having a molarity ranging from 100 
mM to the saturation concentration of said inorganic salt(s), and wherein the preserving step is effected before the 
cells are mixed with reactant whose reaction is to be catalysed by the cells. 

55 [0010] Other objects and advantages of the present invention will be apparent from the following description of the 
invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0011] The aqueous solution of inorganic salts of the present invention is an aqueous solution of at least one salt 
selected fronn the group consisting of phosphates, borates, sulfates, sulfites and hydrochlorides; and the phosphate 
5 or borate aqueous solution may preferably be in the form of a phosphate or borate buffer. Types of the salts Include 
sodium salts, potassium salts and ammonium salts. 

[0012] The aqueous solution of inorganic salts of the present invention is a highly concentrated aqueous solution, 
having a molarity ranging from 1 00 mM to the saturation concentration of the inorganic salt. The saturation concentration 
varies according to the salt(s) used and the temperature, and is preferably within the range of from 300 to 500 mM. 
'0 [0013] Also, the aqueous solution of inorganic salts should be neutral to basic and Is generally adjusted to a pH value 
of from pH 7 to 10, preferably from pH 7.5 to 9.5. 

[0014] Although a number of microorganisms are known to produce nitrile hydratase and nitrilase, microorganisms 
belonging to the genera Rhodococcus and Gordona are preferred because of their high enzyme activities. 
[0015] Illustrative examples of such microorganisms include Rhodococcus sp. HT40-6 (PERM BP-5231), Rhodo- 
15 coccus rhodochrous ATCC 33278, Rhodococcus rhodochrous J-1 (PERM BP-1 478) and Gordona terrae MA-1 (PERM 
BP-4535). 

[0016] Of these strains, Rhodococcus rhodochrous ATCC 33278 is a known strain and can be obtained easily from 
the American Type Culture Collection (ATCC). Also, Rhodococcus sp. HT40-6 (PERM BP-5231) and Rhodococcus 
rhodochrous J'^ (PERM BP-1478) are known strains that were deposited on 12 September 1995 and 18 September 

20 1987, respectively, at the National Institute of Bioscience and Human Technology (formerly, Fermentation Research 
Institute), Agency of Industrial Science and Technology, at 1 -3, Higashi 1 -chome, Tsukuba-shi, Ibaraki-ken, 305, Japan, 
under the aforementioned designations, and their bacteriological properties are described, respectively, in JP-A- 
4-222591 and JP-B-6-55148 (the terms "JP-A" and "JP-B" as used herein mean an "unexamined published Japanese 
patent application" and an "examined Japanese patent publication", respectively). 

25 [0017] Gordona terrae MA-1 (PERM BP-4535) is a strain isolated from soil by some of the present inventors and 
was deposited on 14 January 1994 in the National Institute of Bioscience and Human Technology, Agency of Industrial 
Science and Technology, under the aforementioned designation. The bacteriological properties of this strain are as 
follows. 



Strain MA-1 


Morphology 


polymorphic rod 


Gram-stain 


+ 


Spore 




Motility 




Oxidase 




Catalase 


+ 


Color of colony 


pink to orange 


Rod-coccus cycle 


+ 


Elongation of peripheral cells of colony 


yes 


Formation of aerial hypha 


no 


Behavior against oxygen 


aerobic 


Diamine acid in cell wall 


meso-diaminopimelic acid 


Glycolyl test 


+ (glycolyl type) 


Sugar composition of cell wall 




arabinose 


+ 


galactose 


+ 


Quinone system 


MK-9 (Hg) 


Adenine hydrolysis 




Tyrosine hydrolysis 




Urea hydrolysis 


+ 


Assimilation 




inositol 




maltose 




mannitol 


+ 
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(continued) 



Strain MA-1 


rhamnose 


+ 


sorbitol 


+ 


sodium m-hydroxybenzoate 


- 


sodium benzoate 


+ 


sodium citrate 


+ 


sodium lactate 


+ 


testosterone 


+ 


acetamide 




sodium pyruvate 


+ 


Growth in the presence of 0.02% sodium azide 


+ 


Growth at 10*^0 


+ 


Growth at 40°C 


+ 


Growth in the presence of 0.001% crystal violet 


+ 


Growth in the presence of 0.3% phenylethanol 


+ 


Growth in the presence of 5% NaCI 


+ 


Growth in the presence of 7% NaCI 


+ 



[001 8] When these bacteriological properties were classified based on Bergey's Manual of Systematic Bacteriology 
(1986); J. Gen. appL MicribioL, 34, 341 - 348 (1988) and Int. J. Syst. BacterioL, 39. 371 (1989), the strain MA-1 was 
25 identified as a bacterium belonging to the species Gordona terrae. 

[0019] Next, general aspects of the present invention are described. 

[0020] The microorganism used in the present invention is cultured by using a medium containing assimilable carbon 
sources (such as glucose and fructose), nitrogen sources (such as yeast extract, peptone and ammonium sulfate) and 
inorganic salts (such as magnesium chloride, ferric chloride, and disodium hydrogen phosphate), as well as metal salts 

30 to be used as prosthetic groups necessary for the induction of nitrile hydratase and nitrilase activities (such as cobalt 
chloride and ferric sulfate), and nitriles (such as benzonitrile, isobutyronitrije and succinonitrile) and amides (such as 
e-caprotactam, isobutylamide and propionamide) to be used as inducers. Culturing may be carried out at a medium 
pH of from pH 4 to 10, preferably from pH 6 to 9 and at a culture temperature of from 20 to ACPC, preferably from 25 
to 35°C, for 1 to 7 days, until the enzyme of interest reaches its maximum activity. 

35 [0021 ] The resulting cells are collected by centrif ugation and washed once or twice with a borate or phosphate buffer. 
Thereafter, the cell suspension is mixed with the aforementioned aqueous solution of inorganic salts in such an amount 
that the final concentration of interest is obtained. 

[0022] When the cells are used in an immobilized form, a suspension of washed cells is immobilized and then gran- 
ulated in the following manner. That is, a mixture of at least one acrylic monomer (for example, acrylamide, acrylic 

40 acid, methacrylamide, methacrylic acid, N,N-dimethylacrylamide, N,N-diethylacrylamide, dimethylaminopropyl acr- 
ylate, dimethylaminopropyl methacrylate dimethylaminopropyl acrylamide, dimethylaminopropyl methacrylamide, di- 
ethylaminopropyl acrylamide or diethylaminopropyl methacrylamide) and a crosslinking agent (for example, methylene 
bisacrylamide. methylene bismethacrylamide, 1 ,2-dihydroxyethylene bisacrylamide or bisacrylamidoacetic acid) is 
added to a suspension of washed cells, and then a polymerization initiator and accelerator (such as ammonium per- 

45 sulfate and N,N,N',N'-tetramethylethylenediamine) are added to the resulting suspension to cause polymerization and 
gelation. Thereafter, the thus obtained gel is cut into particles, generally cubes of about 0.5 - 100 mm square, which 
are washed with a borate or phosphate buffer, and then mixed with the aqueous solution of inorganic salts in the same 
manner as described above in regard to a suspension of cells. 

[0023] In the immobilization step, generally 0.1 to 40% by weight, preferably 1 to 20% by weight, of the cells on a 
50 dry weight basis are mixed with generally 2 to 30% by weight, preferably 5 to 1 5% by weight, of the monomer mixture. 
[0024] Though not particularly limited, the concentration of preserved cells or immobilized cells in particles may be 
within the range of from 0.1 to 30% by weight on a dry cell basis. 

[0025] The preservation temperature is generally from 0 to 40°C, preferably from 0 to 35°C. 
[0026] In order to prevent putrefaction during cell preservation, a drug may be added to the preservation solution 
55 that has an antibacterial or antifungal activity, and other salts, such as of ethylenediaminetetraacetic acid, may be 
added. 

[0027] When the thus preserved cells or immobilized cells in particles are used in a production reaction as a con- 
version catalyst, the cell suspension may be added to the reaction solution directly or after washing, as the occasion 
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demands. 

[0028] The following examples are provided to further the present invention. It is to be understood, however, that the 
examples are for illustration only and are not intended as a definition of the limits of the present invention. All the 
percentages are by weight unless otherwise indicated. 

5 

INVENTIVE EXAMPLE 1 
(D Culturing 

10 [0029] Gordons terrae MA-1 , which has nitrilase activity, was cultured aerobically at 30°C for 72 hours in the following 
medium supplemented with 1-cyclohexenylacetonitrile as an enzyme activity inducer. 



Glucose 


30 g 


Sodium glutamate 


15g 


Yeast extract 


8g 


Disodium hydrogen phosphate 


7.1 g 


Potassium dihydrogen phosphate 


6.8 g 


Sodium sulfate 


2.8 g 


Magnesium chloride 


0.4 g 


Calcium chloride 


0.04 g 


Manganese sulfate 


0.03 g 


Iron chloride 


0.006 g 


Zinc sulfate 


0.003 g 


1 -Cyclohexenylacetonitrile 


0.5 g 


Distilled water 


1.000 ml 



Medium composition (pH 7.5): (2) Preparation of Cell Suspension to be Preserved 

[0030] The cultured broth was dispensed in 45 ml portions in 5 centrifugation tubes and centrifuged (10,000 rpm, 15 
minutes, 10°C), and the thus collected cells in each tube were washed once with 45 ml of 50 (comparative example), 
100, 300, 600 or 700 mM phosphate buffer (pH 8.0, K2HPO4-KH2PO4) and again suspended in 45 ml of the respective 
concentration of phosphate buffer used in the wash. Each cell suspension was dispensed In 15 ml portions into 3 
capped glass containers and preserved in the dark at 5, 20 or 30°C. After 0, 120 or 300 days of preservation, a portion 
of each celt suspension was sampled to measure the enzyme activity. 

(3) Measurement of Nitrilase Activity 

[0031] A small portion of each preserved cell suspension was subjected to centrifugation (1.500 rpm. 5 minutes, 
lO^C). and the thus collected cells were washed twice with 2 volumes of 50 mM phosphate buffer (pH 8.0, Na2HP04- 
KH2PO4) and suspended in the same phosphate buffer, further supplemented with 100 mM sodium sulfite. Nitrilase 
activity was determined by adding 20 mM of mandelonitrile as the substrate to the cell suspension and, after 30 minutes 
of shaking at 30°C, the cells were removed by centrifugation (1 ,500 rpm, 5 minutes, 10°C). The amount of R-mandelic 
acid contained in the resulting supernatant fluid was analyzed by liquid chromatography (column, V\fakosil ODS 5C18; 
eluent. 0.1 M phosphoric acid:acetonitrile = 3:1; detection wave length, 254 nm). 

[0032] One unit (1 U) of enzyme activity was defined as the capacity of 1 mg of dry cells to produce 1 )ymo\ of mandelic 
acid per 1 minute in 1 ml of the reaction solution. The amount of enzyme activity in 1 ml of reserved cell suspension 
was calculated by multiplying the activity of 1 mg of dry cells by the amount of dry cells (mg) in 1 ml of the preserved 
cell suspension. 

(4) Results 

[0033] Table 1 shows relative enzyme activity values, with the activity in 1 ml of each preserved cell suspension on 
day 0 day defined as 1.0. 
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Table 1 



10 



Preservation Temperature (°C) 


5 


20 


30 


Days Preserved 


0 


120 


300 


0 


120 


300 


0 


120 


300 


Concentration of phosphate buffer (mM) 




















50 


1.0 


0.4 


0.0 


1.0 


0.0 


0.0 


1.0 


0.0 


0.0 


100 


1.0 


1.0 


0.8 


1.0 


0.8 


0.5 


1.0 


0.7 


0.3 


300 


1.0 


0.9 


0.9 


1.0 


1.1 


0.9 


1.0 


0.9 


0.6 


500 


1.0 


1.2 


1.1 


1.0 


1.2 


0.9 


1.0 


0.9 


0.9 


700 


1.0 


1.1 


1.1 


1.0 


1.1 


0.9 


1.0 


0.9 


0.9 



INVENTIVE EXAMPLE 2 

75 

[0034] The cultured broth of Inventive Example 1 was dispensed in 20 ml portions in 6 centrifugation tubes and 
centrifuged (1 0,000 rpm, 1 5 minutes, 10°C), and the thus collected cells in each tube were washed once with the same 
volume of 50 mM phosphate buffer (pH 8.0, K2HPO4-KH2PO4) and resuspended in 20 ml of the above 50 mM phosphate 
buffer, further supplemented with 300 mM sodium sulfate, 300 mM sodium chloride, 300 mM potassium chloride or 
100 mM sodium sulfite. A re-suspension supplemented no salts was also prepared as a comparative example. 
[0035] The cell suspensions were preserved in the dark at 20''C for 60 days. The amount of enzyme activity in 1 ml 
of each preserved cell suspension was measured in the same manner as described in Inventive Example 1. Table 2 
shows relative values, with the amount of activity in 1 ml of each preserved cell suspension on day 0 defined as 1 .0. 

25 Table 2 



30 



Days Stored 


0 


60 


Kinds and Concentrations of Salts 






no addition 




1.0 


0.2 


sodium sulftate 


300 mM 


1.0 


0.9 


sodium chloride 


300 mM 


1.0 


0.7 


potassium chloride 


300 mM 


1.0 


0.7 


sodium sulfite 


100 mM 


1.0 


0.6 



35 

INVENTIVE EXAMPLE 3 

[0036] The cultured broth of Inventive Example 1 was dispensed in 20 ml portions in 3 centrifugation tubes and 
centrifuged (10.000 rpm, 15 minutes, lO'^C). and the thus collected cells in each tube were washed once with 20 ml 
40 of 300 mM phosphate buffer (Na2HP04-KH2P04) having a pH value of 6.0 (comparative example), 7.0 or 8.0 and re- 
suspended in 20 ml of the same phosphate buffer having the respective pH value used in the wash. These cell sus- 
pensions were preserved in the dark at 20°C for 60 days. The amount of activity in 1 ml of each preserved cell sus- 
pension was measured in the same manner as described in Inventive Example 1. Table 3 shows relative enzyme 
activity values, with the amount of activity in 1 ml of each preserved cell suspension on day 0 defined as 1.0. 

45 

Table 3 



50 



Days Stored 


0 


60 


pH 6.0 


1.0 


0.1 


pH 7.0 


1.0 


1.1 


pH 8.0 


1.0 


1.2 



INVENTIVE EXAMPLE 4 
55 (l) Culturing 

[0037] Rhodococcus sp. HT40-6, which has nitrite hydratase activity, was cultured aerobicatly at 30°C for 96 hours 
in the following medium supplemented with e-caprolactam as an enzyme activity inducer. 
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Medium composition (pH 7.5): 


Glucose 


27 g 


Polypeptone 


4g 


Yeast extract 


2g 


DIsodium hydrogen phosphate 


7.1 g 


Potassium dihydrogen phosphate 


6.8 g 


Ammonium nitrate 


2g 


Magnesium chloride 


0.4 g 


Ammonium sulfate 


0.2 g 


Calcium chloride 


0.04 g 


Manganese sulfate 


0.03 g 


Cobalt chloride-eHaO 


0.03 g 


Iron chloride 


0.006 g 


Zinc sulfate 


0.003 g 


e-Caprolactam 


4g 


Distilled water 


1,000 ml 



(2) Preparation of Cell Suspension to be Preserved 



[0038] The cultured broth was dispensed in 45 ml portions in 5 centrifugation tubes and centrifuged (10,000 rpm, 15 
minutes, 10°C), and the thus collected cells in each tube were washed once with 45 ml of 50 mM phosphate buffer 
(pH 8.0, K2HPO4-KH2PO4) (comparative example) or 300 mM phosphate buffer (pH 8.0, Na2HP04-KH2P04) and again 
suspended in 20 ml of the respective concentration of phosphate buffer used in the wash. The thus prepared cell 
suspensions were preserved in the dark at 20°C for 120 days, and a portion of each cell suspension was sampled on 
day 0 and day 1 20 to measure the enzyme activity. 

^ (3) Measurement of Nitrile Hydratase Activity 

[0039] The reaction was carried out by the same procedure under the same conditions as described in Inventive 
Example 1, and the product formed (mandelamide) was quantitatively measured by liquid chromatography under the 
same conditions as described in Inventive Example 1 

35 

(4) Results 

[0040] Table 4 shows relative enzyme activity values, with the amount of activity in 1 ml of each preserved cell 
suspension on day 0 defined as 1 .0. 

40 

Table 4 



Days Stored 


0 


120 


K2HPO4/KH2PO4 


50 mM 


1.0 


0.0 


Na2HP04/KH2P04 


50 mM 


1.0 


0.0 


K2HPO4/KH2PO4 


300 mM 


1.0 


1.1 


Na2HP04/KH2P04 


300 mM 


1.0 


1.0 



INVENTIVE EXAMPLE 5 



[0041] Gordona ferraeMA-l , Rhodococcussp, HT40-6 and Rhodococcus rhodochrous ATCC 33278 were separately 
cultured in accordance with the methods of Inventive Example 1 for MA-1 and Inventive Example 4 for HT40-6 and 
ATCC 33278. A 20 ml portion of each of the thus cultured broths was centrifuged (10,000 rpm, 15 minutes, lO^C), and 
the collected cells were washed once with the same volume of 100 mM borate buffer (pH 9.0, Na2B4O7»10H2O-HCI) 
and re-suspended in 20 ml of the same buffer. The cell suspensions were preserved in the dark at 20°C for 200 days, 
and the amount of activity in 1 ml of each of the preserved cell suspension on day 0 and day 200 was measured in 
accordance with the respective methods of Inventive Examples 1 and 4. Table 5 shows relative values, with the amount 
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of activity in 1 ml of each preserved cell suspension on day 0 defined as 1 .0. 



Table 5 



5 



Days Stored 


0 


200 


Strain 






MA-1 


1.0 


0.9 


HT40-1 


1.0 


0.8 


ATCC 33278 


1.0 


0.8 
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INVENTIVE EXAMPLE 6 

(1) Preparation of Immobilized Cell in Particles 

IS [0042] Rhodococcus rhodochrous J-1 , which have nitrile hydratase activity, was aerobically cultured in a medium 
(pH 7.0) containing 2% glucose, 1% urea, 0.5% peptone, 0.3% yeast extract and 0.05% cobalt chloride (all % by 
weight). The resulting cells were washed with 50 mM phosphate buffer (pH 7.0). Then, 500 g of a monomer mixture 
of 20% by weight acrylamide, 2% by weight methylene bisacrylamide and 2% by weight 2-dimethylamlnopropyl meth- 
acrylamide was added to 500 g of the cell suspension (20% by weight on a dry cell basis) and thoroughly suspended. 
To this was added 2 g of 50% by weight ammonium persulfate and 2 g of 50% by weight N,N,N',N'-tetramethylethyl- 
enediamine to cause polymerization and gelation. The resulting gel was cut into cubes of about 1 mm square, which 
were washed 5 times with 1 ,000 ml of 20 mM sodium sulfate to obtain immobilized cells in particles. 

(2) Preparation of an Immobilized Cell Particle Suspension to be Preserved 

25 

[0043] A 200 ml portion of immobilized cells in particles, which were precipitated by standing, was put into a 500 ml 
capacity polyethylene container, mixed with 200 ml of 40% ammonium sulfate solution (adjusted to pH 7.0) and 8% 
sodium chloride solution (adjusted to pH 7.0) respectively, and then preserved at 30°C for 100 days. The same pro- 
cedure was repeated except that 20 mM of sodium sulfate was added (comparative example). 

30 

(3) Measurement of Nitrile Hydratase Activity 

[0044] A small portion of the thus preserved immobilized cell particle suspension was washed with 5 volumes of 50 
mM phosphate buffer (pH 7.0, Na2HP04-KH2P04). The samples were then wrapped in gauze and dehydrated by 
^ centrifugation, and about 1 g of the thus treated particles were suspended in 100 ml of the same phosphate buffer. 
The suspension was mixed with 5% acrylonitrile solution in the same phosphate buffer, and the reaction was begun 
by shaking at 0°C for 20 minutes. The reaction was terminated by filtering the reaction mixture through a 0.45 ^im filter. 
The amount of the acrylamide formed in the resulting filtrate was analyzed by gas chromatography (injection temp., 
220*'C; column temp., 180°C; packing, Porapack PS 80-100MESH (manufactured by Waters); detector, FID). 

40 

(4) Results 

[0045] Table 6 shows relative enzyme activity values, with the amount of activity in 1 g of immobilized cells in particles 
on day 0 defined as 1 .0. 

45 

Table 6 



Days Stored 


0 


100 


20 mM sodium sulfate 


1.0 


0.6 


20 % ammonium sulfate 


1.0 


0.9 


4 % sodium chloride 


1.0 


0.8 



[0046] Thus, the present invention provides an industrially useful method, for preserving a large quantity of cells or 
immobilized cells in particles having nitrile hydratase or nitrilase enzyme activity for a prolonged period of time (e.g., 
300 days) without cell lysis or enzyme deterioration even at room temperature. The present invention also renders 
possible a sharp reduction in labor and cooling costs, which are necessary in the conventional preservation process. 
[0047] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
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be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
from the spirit and scope thereof. 



Claims 

1. A method for stably preserving microbial cells having nitrile hydratase or nitrilase enzyme activity, and the nitrile 
hydratase or nitrilase enzyme activity thereof, for a prolonged period of time prior to their use in a production 
reaction as a conversion catalyst, comprising the step of preserving said cells as a suspension of the microbial 
ceils or as a suspension of cells immobilized in particles in an aqueous medium, wherein said aqueous medium 
is a neutral or weakly basic aqueous solution of at least one inorganic salt, having a molarity ranging from 100 mM 
to the saturation concentration of said inorganic salt(s), and wherein the preserving step is effected before the 
cells are mixed with reactant whose reaction is to be catalysed by the cells. 

2. A method according to claim 1, wherein said aqueous solution of inorganic salt(s) is an aqueous solution of at 
least one salt selected from the group consisting of phosphates, borates, sulfates, sulfites and hydrochlorides. 

3. A method according to claim 1 or 2, wherein said inorganic salt(s) is/are at least one selected from the group 
consisting of sodium salts, potassium salts and ammonium salts. 

4. A method according to claim 1 , 2 or 3, wherein said aqueous solution of inorganic salt(s) has a pH value ranging 
from pH 7 to 1 0. 

5. A method according to any preceding claim, wherein said microbial cells are those having the enzyme activity of 
Gordona terrae MA-1 (PERM BP-4535). 

6. The method according to any one of claims 1 to 4, wherein said microbial cells are those having the enzyme activity 
of Rhodococcus rhodochrous sp. HT40-6 (PERM BP-5231). 

7. The method according to any one of claims 1 to 4, wherein said microbial cells are those having the enzyme activity 
of Rhodococcus rhodochrous J- 1 (PERM BP-1478). 

8. A method according to any one of claims 1 to 4, wherein said microbial cells are those having the enzyme activity 
of Rhodococcus rhodochrous ATCC 33278. 

9. A method according to any preceding claim, wherein the concentration of said cells immobilized in particles ranges 
from 0.1 to 30% by weight on a dry cell basis. 

10. A method according to any preceding claim, having a preservation temperature ranging from 0 to 40pC. 

11. A method according to any preceding claim, wherein said aqueous solution of Inorganic salt(s) comprises a phos- 
phate buffer having a molarity ranging from 300-700 mM. 

12. A method according to any one of claim 1 to 10, wherein said aqueous solution of inorganic salt(s) comprises a 
phosphate buffer having a molarity of 50 mM and a sodium sulfate solution having a molarity of 300 mM. 

13. A method according to any one of claims 1 to 10, wherein said cells immobilized in particles are suspended in an 
ammonium sulfate aqueous solution. 



Patenta nsp ruche 

1. Verfahren zur stabllen Konservierung von mlkrobiellen Zellen, die Nitrilhydratase- Oder Nitrilase-Enzymaktivitat 
haben, und der Nitrilhydratase- Oder Nitrilase-Enzymaktivitat derselben uber langere Zeit vor ihrer Verwendung 
als Umwandlungskatalysator in einer Herstellungsreaktion, das den Schritt einer Konservierung der Zellen als 
Suspension der mlkrobiellen Zellen Oder als Suspension von Zellen, die in Teilchen immobilisiert sind, in einem 
wa3rigen Medium umfaGt, wobei das wal3rige Medium eine neutrale Oder schwach basische waBrige Losung 
mindestens eines anorganlschen Salzes 1st, die eine Molarltat Im Berelch von 100 mM bis zur Sattigungskonzen- 
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tration des (der) anorganischen Salze(s) hat. und wobei der Konservierungsschritt durchgefuhrt wird, bevor die 
Zetlen mit einem Reaktanten. dessen Reaktion durch die Zellen zu katalysieren ist, vermischt werden. 

2. Verfahren nach Anspruch 1 , wobei die waBrige Losung eines anorganischen Salzes (anorganischer Saize) eine 
waGrige Losung mindestens eines Salzes, das aus der Gruppe bestehend aus Phosphaten, Boraten, Sulfaten, 
Sutfiten und Hydrochloriden ausgewahlt wird, ist (sind). 

3. Verfahren nach Anspruch 1 Oder 2, wobei das anorganische Saiz (die anorganischen SaIze) nr)indestens eins, das 
aus der Gruppe bestehend aus Natriumsalzen, Kaliumsalzen und Ammoniumsalzen ausgewahlt wird, ist. 

4. Verfahren nach Anspruch 1 , 2 oder 3, wobei die wa3rige Losung eines anorganischen Salzes (anorganischer 
SaIze) einen pH-Wert im Bereich von 7 bis 10 hat. 

5. Verfahren nach einem der vorangehenden Anspruche. wobei die mikrobiellen Zellen solche sind, die die Enzym- 
aktivitat von Gordona terrae MA-1 (PERM BP-4535) haben. 

6. Verfahren nach etnem der Anspruche 1 bis 4, wobei die mikrobiellen Zellen solche sind, die die Enzymaktivitat 
von Rhodococcus rhodochrous sp. HT 40-6 (PERM BP-5231) haben, sind. 

7. Verfahren nach einem der Anspruche 1 bis 4, wobei die mikrobiellen Zellen solche, die die Enzymaktivitat von 
Rhodococcus rhodochrous J-1 (PERM BP-1478) haben, sind. 

8. Verfahren nach einem der Anspruche 1 bis 4, wobei die mikrobiellen Zellen solche, die die Enzymaktivitat von 
Rhodococcus rhodochrous ATCC 33278 haben, sind. 

9. Verfahren nach einem der vorangehenden Anspruche, wobei die Konzentration an Zellen, die in Teilchen immo- 
bilisiert sind, im Bereich von 0,1 bis 30 Gew.-%, bezogen auf die trockenen Zellen, liegt. 

10. Verfahren nach einem der vorangehenden Anspruche, wobei die Konservierungstemperatur im Bereich von 0 bis 
40 ^'C liegt. 

11. Verfahren nach einem der vorangehenden Anspruche, wobei die waBrige Losung eines anorganischen Salzes 
(anorganischer SaIze) einen Phosphatpuffer, der eine Molaritat im Bereich von 300 - 700 mM hat, umfaBt. 

12. Verfahren nach einem der Anspruche 1 bis 10, wobei die waBrige Losung eines anorganischen Salzes (anorga- 
nischer Saize) einen Phosphatpuffer, der eine Molaritdt im Bereich von 50 mM hat, und eine Natriumsulfat-Losung, 
die eine Molaritat von 300 mM hat, umfaBt. 

1 3. Verfahren nach einem der Anspruche 1 bis 1 0, wobei die Zellen, die in Teilchen immobilisiert sind, in einer wdBrigen 
Ammoniumsulfat-Losung suspendiert werden. 

Revendications 

1. Procede pour conserver de maniere stable des cellules microbiennes ayant une activite enzymatique de nitrile 
hydratase ou nithlase, et leur activite enzymatique de nitrile hydratase ou nitrilase, pendant une duree prolongee 
avant leur utilisation dans une reaction de production comme catalyseur de conversion, comprenant I'etape de 
conservation desdites cellules sous forme d'une suspension des cellules microbiennes ou d'une suspension de 
cellules immobilisees dans des particules dans un milieu aqueux, oCi ledit milieu aqueux est une solution aqueuse 
neutre ou faiblement basique d'au moins un sel inorgantque, ayant une molarity de 100 mM ^ la concentration de 
saturation dudit ou desdits sels inorganiques, et ou i'etape de conservation est realisde avant que les cellules 
soient metangees avec un reactif dont la reaction doit etre catalysee par les cellules. 

2. Procede selon la revendication 1 ou ladite solution aqueuse de sel(s) inorganique(s) est une solution aqueuse 
d'au moins un sel choisi dans le groupe consistent en les phosphates, tes borates, les sulfates, les sulfites et les 
chlorhydrates. 

3. Procede selon la revendication 1 ou 2 ou ledit ou lesdits sels inorganiques est/sont au moins un sel choisi dans 
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le groupe consistant en les sels de sodium, les sels de potassium et les sets d'ammonium. 

Proced^ selon la revendication 1 , 2 ou 3 ou ladite solution aqueuse de sel(s) inorganique(s) a un pH de pH 7 ^ 10. 

Proc^de selon Tune quelconque des revendications pr^cedentes ou lesdites cellules microbiennes sont celles 
ayant I'activit^ enzymatique de Gordona terrae MA-1 (PERM BP-4535). 

Precede selon Tune quelconque des revendications 1 a 4 ou lesdites cellules microbiennes sont celles ayant 
I'activite enzymatique de Rhodococcus rhodochrous sp. HT40-6 (PERM BP-5231). 

Precede selon Tune quelconque des revendications 1 a 4 ou lesdites cellules microbiennes sont celles ayant 
I'activite enzymatique de Rhodococcus rhodochrous J-1 (PERM BP-1478). 

Precede selon Tune quelconque des revendications 1 a 4 ou lesdites cellules microbiennes sont celles ayant 
I'activite enzymatique de Rhodococcus rhodochrous ATCC 33278. 

Proced^ selon I'une quelconque des revendications pr^c^dentes ou la concentration desdites cellules immobili- 
sees dans des particules est de 0,1 k 30% en masse sur une base de cellules s^ches. 

Precede selon Tune quelconque des revendications precedentes ayant une temperature de conservation de 0 ^ 
40°C. 

Precede selon I'une quelconque des revendications precedentes ou ladite solution aqueuse de sel(s) inorganique 
(s) comprend un tampon phosphate ayant une molarite de 300-700 mM. 

Precede selon I'une quelconque des revendications 1 a 10 ou ladite solution aqueuse de sel(s) inorganique(s) 
comprend un tampon phosphate ayant une molarity de 50 mM et une solution de sulfate de sodium ayant une 
molarite de 300 mM. 

Precede seien I'une quelconque des revendications 1 a 10 ou lesdites cellules immobilisees dans des particules 
sont en suspension dans une solution aqueuse de sulfate d'ammonium. 
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